Optimization of process parameters for high efficiency laser forming of advanced high strength steels within metallurgical constraints by Sheikholeslami, Ghazal et al.
 Physics Procedia  83 ( 2016 )  277 – 285 
Available online at www.sciencedirect.com
1875-3892 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

























$GYDQFHG KLJK VWUHQJWK VWHHOV $+66 DUH DQ DXWRPRWLYH JUDGH RI VWHHOZKLFK DUH RI D VLJQLILFDQW LQWHUHVW WR





© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
278   Ghazal Sheikholeslami et al. /  Physics Procedia  83 ( 2016 )  277 – 285 
UHGXFWLRQ LQZHLJKWDQGFUDVKULVN7KLVSDSHU LVFRQFHUQHGZLWK'XDO3KDVH6WHHO '3ZKLFK LVRQHRI WKH
PRVWZLGHO\XVHGW\SHVRI$+66E\FDUPDQXIDFWXUHUVKuziak, A. Camoletto
'XDOSKDVHVWHHO'3KDVDPLFURVWUXFWXUHFRPSRVHGRIVRIWIHUULWHDQGRIKDUGPDUWHQVLWHRUPDUWHQVLWH
DXVWHQLWH LVODQGV J .R. Bradley 7KH VWUHQJWK RI WKH '3 VWHHO PLFURVWUXFWXUH LV GHWHUPLQHG E\ WKH DPRXQW RI
PDUWHQVLWHZKLFK LV GHYHORSHGE\ WKH WUDQVIRUPDWLRQRI DXVWHQLWH GXULQJTXHQFKLQJ DIWHU KRW UROOLQJRU DQQHDOLQJ
Kuziak
$ PDMRU GLVDGYDQWDJH RI GXDO SKDVH VWHHOV LV WKHLU UHVLVWDQFH WR GHIRUPDWLRQ DQG VSULQJ EDFN HIIHFWV LQ
FRPSDULVRQZLWKFRQYHQWLRQDOVWHHOV$FFRUGLQJWRNeugebauerKHDWWUHDWPHQWRIWKH'3VWHHOOHDGVWRDQLQFUHDVHG
IRUPDELOLW\ FRPSDUDEOH WR FRQYHQWLRQDOPLOG VWHHOVZLWKRXW VSULQJ EDFNNeugebauer UHFRPPHQGHG D ODVHU KHDW
WUHDWPHQWWRLPSURYHWKHIRUPDELOLW\ORFDOO\ZLWKRXWFRPSURPLVLQJWKHZKROHEXONVWUHQJWK
/DVHUIRUPLQJ/)LVDQRQFRQWDFWSURFHVVRIVKDSLQJPHWDOOLFDQGQRQPHWDOOLFVKHHWVE\LQGXFLQJWKHUPDOVWUHVV
XVLQJ D GHIRFXVHG ODVHU EHDP ZLWKRXW DQ\ PHOWLQJ /DVHU IRUPLQJ KDV D SRWHQWLDO RI WKH LQGXVWULDO SURPLVH RI
FRQWUROOHGVKDSLQJRIPHWDOOLFDQGQRQPHWDOOLFFRPSRQHQWVIRUSURWRW\SLQJFRUUHFWLRQRIGHVLJQVKDSHRUGLVWRUWLRQ
DQGSUHFLVLRQDGMXVWPHQWDSSOLFDWLRQV



































ZLWK WKH VSHFLILFDWLRQ+9 ZLWK  NJ ORDGZDV XVHG WRPHDVXUH WKH KDUGQHVV RI WKH VDPSOHV WKH VSHFLILF
VDPSOHSUHSDUDWLRQLVGHVFULEHGLQ6KHLNKROHVODPLHWDO
$ )( QXPHULFDO VLPXODWLRQ KDV EHHQ GHYHORSHG LQ &2062/ 0XOWLSK\VLFV YV  WR DQDO\VH WKH G\QDPLF
WKHUPRPHFKDQLFDOHIIHFWV7KHLQWHQVLW\GLVWULEXWLRQI RIWKHLQFLGHQWODVHUEHDPZDVDSSUR[LPDWHGE\D*DXVVLDQ












7KH )(0 PRGHO KDV EHHQ YDOLGDWHG DJDLQVW H[SHULPHQWDO EHQG DQJOH 6KHLNKRHOVODPL HW DO 7KH PRGHO ZDV














3.1. Model validation  

9DOLGDWLRQ RI HPSLULFDO UHVXOWV ZLWK )( PRGHOOLQJ E\ &2062/ 0XOWLSK\VLFV IRU D VLQJOH SDVV XVLQJ WKH
RSWLPXPRISRZHURI:PPEHDPGLDPHWHUDQGPPVWUDYHUVVSHHGIRU(1(&5WXEHRI
PP[PP[PPSheikhoelslami et al).








WRVWXG\ WKHHIIHFWRI LQWHUDFWLRQ WLPH ,WFDQEHVHHQ LQ)LJXUH WKDWDV WKHVSHHGGURSVDQG WKH LQWHUDFWLRQ WLPH
LQFUHDVHV WKH WHPSHUDWXUH LQFUHDVHV DQG D VXEVHTXHQW D ORVV RI KDUGQHVV LQ WKH KHDWHG ]RQH DW WKH PLGSRLQW LV
REVHUYHG
7KLVFDQEHDWWULEXWHGWRWHPSHULQJGXHWRDXVWLQL]DWLRQ,WFDQEHDOVREHHQVHHQLQILJXUHWKDWDWWKHVSHHGRI











































































WHPSHUDWXUH RI DSSUR[LPDWHO\  . +RZHYHU DW  PPV WKH WHPSHUDWXUH LV KLJKHU DJDLQ DQG WKH WLPH DW
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3.3. Effect of multiple passes 

0XOWLSOHSDVVHVZHUHVWXGLHGWRLQYHVWLJDWHWKHHIIHFWRIWLPHDWWHPSHUDWXUHRQWKHORVVPHFKDQLVP7KHUHVXOWV
LQGLFDWH WKDW LQ D VLQJOH SDVV WKHUH LV D VLJQLILFDQW ORVV RI KDUGQHVV IRU VRPH FRQGLWLRQV+RZHYHU IRUPXOWLSDVV
FRQGLWLRQVWKHUHLVDUHFRYHU\RIKDUGQHVVOLNHO\GXHWRDODVHUKDUGHQLQJHIIHFWILJXUH
0XOWLSOHSDVVHVLQFOXGHILYHSDVVHVZLWKWZRGLIIHUHQWGZHOOWLPHVVHFRQGVDQGVHFRQGVZLWKWKHSRZHURI
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)LJXUHVKRZV WKHVDPHFRQGLWLRQVDV LQILJXUHEXWFKDQJLQJ WKHGZHOO WLPHEHWZHHQSDVVHV$V WKH ORVVRI































































































































































-6HQWKLO 6HOYDQD . 6XEUDPDQLDQD $. 1DWKE  (IIHFW RI ODVHU VXUIDFH KDUGHQLQJ RQ (Q $,6,  VWHHO -RXUQDO RI 0DWHULDOV
3URFHVVLQJ7HFKQRORJ\9ROXPH,VVXHV±3DJHV±

